High-valent transition metal nitride complexes play a diverse role in catalytic and stoichiometric reactivity. [1] Their reactivity is dictated by their nucleophilic or electrophilic character, which is in turn dependent on the identity of the metal, oxidation state, and ligand environment. [1a-d, 2] Although nucleophilic Mn(V)N(salen) complexes have been studied for several decades, [3] Storr [4] and Menard [5] recently uncovered a new reactivity pattern. One-electron oxidation of the Mn(V)N(salen) derivatives A, B, C, and D (Chart 1) was pursued to generate a metal nitride with radical character. However, the resulting Mn(VI)N(salen) complex was unstable, engaging in bimolecular coupling to form N2 and two equivalents of the corresponding Mn(III)(salen) complex (eq 1). Bimolecular N2 evolution had also previously been observed in Schiff base Ru(VI) [6] and Os(VI) [7] nitride complexes.
Storr et. al. explored the effect of ligand substituents on the rate of N-N bond formation (complexes B, C, and D in Chart 1). More electron-withdrawing groups led to more positive oxidation potentials in accordance with their Hammett parameters. [4] The Mn(V)N salen with the most electron-donating substituent, NMe2 (B in Chart 1), led to a ligand-centered radical upon oxidation and no bimolecular reactivity, whereas Mnbased one-electron oxidation of C and D in Chart 1 led to N2 evolution (eq 1). Not surprisingly, the most oxidizing Mn(VI) nitride complex (D) reacts at the highest rate (k2 in eq 1). Thus, installation of electron-withdrawing substituents to produce a more oxidizing Mn(VI) nitride complex also results in an increased rate of bimolecular coupling.
Ligands incorporating crown-like moieties to encapsulate alkali or alkaline earth metal ions have been used for many applications, [8] including more recently the promotion of cooperative [9] or cation-responsive catalysts. [10] We recently reported the synthesis and characterization of Co [11] and Fe [12] Schiff base complexes appended by a crown ether cycle. In these complexes, the Co(II/I) and Fe(III/II) reduction potentials shift anodically upon incorporation of alkali (up to 120 mV) or alkaline earth metals (up to 770 mV). A similar effect on redox potentials has been observed by incorporation redox-inactive cations in other complexes. [13] Applying charge provides a mechanism for tuning redox properties without using electron-donating or withdrawing functionalities on the ligand, which can lead to unexpected trends in redox reactivity. [12, 14] We report herein the synthesis and characterization of Mn(V)N (1K, 1Na, 1Ba, 1Sr) and Mn(III) (2K, 2Ba) complexes with appended K + and Ba 2+ cations, shown in Chart 1. Similar to their Co and Fe analogue, the Mn(V)N complexes incorporating a K + or Ba 2+ ion exhibit a positive shift in the Mn(VI/V)N reduction potential. Oxidation of 1K, 1Na, 1Sr, and 1Ba also results in Mn(VI)N complexes that reductively couple to form N2 according to eq 1. However, the stability of the Mn(VI)N is enhanced with increasing cationic charge. As a result, the most stable Mn(VI)N complex to bimolecular coupling is also the most oxidizing -the opposite trend to what is observed through electron-donating or withdrawing substituent ligand modifications.
Synthesis of the Mn(III) complexes 2M (M = K + or Ba 2+ , Chart 1) was adapted from a literature procedure. [11] , [15] The corresponding Mn(V) nitrides, 1M (M = K + or Ba 2+ ) (Chart 1), were synthesized from 2M by reaction with NH4OH followed by bleach. Additional equivalents of the respective metal triflate salts, KOTf and Ba(OTf)2, were added to ensure the occupancy of desired cations residing in the crown ether pocket. 1M (M = Na + or Sr 2+ ) was synthesized following a similar procedure but without first isolating their respective Mn(III) precursors. The Mn(V)N complexes were recrystallized by Et2O diffusion into concentrated CH3CN solution. Mn(III)(salen)OTf (salen = N,N′-bis(salicylidene)ethylenediamine) and Mn(V)N(salen) (A) were prepared as previously reported. [3i] The purity and formulation of the complexes were confirmed using mass spectrometry and elemental analysis. 1 H ( Figure S1 ) NMR, 13 C{ 1 H} NMR ( Figure S2 ), and electronic absorption (Figure S3 ) spectra for diamagnetic 1M (M = K + , Na + , Sr 2+ , or Ba 2+ ) and EPR spectra, taken at 10 K, for 2M (M = K + or Ba 2+ ) ( Figure S4 ) can be found in the SI.
Crystals of 1M (M = K + or Ba 2+ ) and 2Ba suitable for single crystal X-ray spectroscopy were grown by Et2O diffusion into a concentrated CH3CN solution. (Crystals of 2K for structural characterization were isolated after oxidation of 1K, vide infra). Selected bond metrics and structural parameters are listed in Table 1 and the ORTEPs are shown in Figure 1 . The τ5 values for A, 1K, and 1Ba are 0.086, 0.110, and 0.203, respectively, where a τ5 of 0 represents an ideal square pyramidal coordination geometry and a τ5 of 1 an ideal trigonal bipyramidal geometry. Although the coordination geometry of the Mn ion can be described as square pyramidal in all of the structures, the geometry becomes more distorted as the charge of M increases.
The electronic absorption for MnN(salen) (A), 1K, 1Na, 1Ba and 1Sr have identical bands at 596 nm (ϵ = 200 M -1 cm -1 ) that we assign as a d-d transition (Table 1 and Figure S3 ). The similar profiles indicate minimal changes in electronic structure across the series.
The electrochemical properties of the Mn(V)N complexes in acetonitrile were measured using cyclic voltammetry. Scanrate dependent data for A, 1K, and 1Ba is shown in Figure 2 and Figure S6 ; data for 1Na and 1Sr is shown in Figure S6 . The cathodic and anodic peak separation (ΔEp) for the Mn(VI/V) redox couple of A and 1M increase with the scan-rate (Table S1 and S2). An increasing ΔEp with scan-rate indicates the rate of electron transfer is slow under these conditions, or the redox event is quasi-reversible. [16] In all cases, the current increases linearly with the square root of the scan rate, indicating electron transfer is under diffusion control ( Figure S5 ). E1/2 values can be accurately obtained using the midpoint potential of quasi-reversible redox events. [16] The Mn(VI/V) reduction potentials for A, 1K, 1Na, 1Ba and 1Sr are 0.427, 0.616, 0.591, 0.805, and 880 V versus Fe(C5H5)2 +/0 , respectively (Table 1 ).
The similar electronic structure and accompanying increase in redox potential between A and 1M is likely due to an electric field potential from the cation, which we have characterized in other metal complexes with this ligand framework. [11] [12] We Figure 1 . ORTEP representations of solid state structures of 1K, 1Ba, 2K, and 2Ba. Outer-sphere anions are omitted for clarity. Hydrogen atoms are only depicted in water molecules. Table 1 . Selected bond metrics, redox properties, vibrational frequencies, and UV-visible absorption parameters. 
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Angewandte Chemie International Edition previously demonstrated we can estimate the magnitude of the electrostatic effect by modelling the non-redox active cation as a point charge. [11] By this model, the electric field potential at Mn is dependent on the point charge q (1 for K + /Na + and 2 for Ba 2+ /Sr 2+ ) and its distance (r) from Mn. For 1K and 2Ba, the distance r is nearly the same in the solid state (Table 1) , and each sequential increase in charge leads to a positive shift in the reduction potential of 189 mV. The doubling of the positive shift in redox potential between 1K and 1Ba relative to A is consistent with a doubling of the electric field potential from a monocation to a dication.
The Mn≡N stretch of 1K, 1Na, 1Ba, and 1Sr is 1050, 1052, 1055, and 1058 cm -1 , respectively, compared to 1047 cm -1 in MnN(salen) (A) (Figure S8 and S9) . [3a] The Mn≡N vibrational frequency for A is consistent with previously reported MnN species and is slightly higher for 1M. Vibrational spectroscopy and structural details from these studies and previously reported complexes Mn nitride complexes are compiled in Table  S3 .
More detailed electrochemical and chemical reactivity studies were performed using 1K and 1Ba for comparison with A. K + and Ba 2+ cations are similar in size (ionic radii of 138 and 135 pm, [17] respectively). Both 1K and 1Ba are structural similar in the solid state and thus provide a good point of comparison for a stepwise increase in charge.
Chemical oxidation was used to characterize the oxidized product and determine whether the electron transfer is metal or ligand based. Although aminium cations have previously been used to oxidize manganese(V) nitrides, [4] their solubility properties and stability in acetonitrile preclude their use with 1K and 1Ba. Nitrosonium or thianthrenium cations were employed instead. Addition of the chemical oxidant into a thawing CH3CN solution of 1K or 1Ba and quick mixing at low temperature allowed characterization of the oxidized species by perpendicular mode EPR. The EPR spectra of both species taken at 77 K showed a six-line pattern with a g value around 2, signifying a radical residing on an atom with a nuclear spin of 5/2 ( Figure S10 ) and consistent with a Mn(VI) species. [2a, 2c] The UV-visible spectra of A and 1K and 1Ba upon titration of the one-electron oxidant NO + exhibits multiple isosbestic points, indicating clean conversion to a product that quantitatively matches the spectra of the respective independently synthesized Mn(III) complexes (Figure 3 and Figure S11 -S12). The product from oxidation of 1K was also isolated and recrystallized. The resulting structure, a Mn(III) complex with CH3CN coordinated in the axial position, is shown in Figure 1 .
The EPR and UV-visible spectroscopic experiments with 1K and 1Ba indicate the 1M derivatives behave in a chemically similar fashion as the previously reported MnN(salen) derivatives. One electron oxidation results in a putative Mn(VI)N species which can couple to form N2 and regenerate the Mn(III) species as shown in eq 1.
The one-electron oxidation of A or 1M followed by bimolecular coupling represents an EC mechanism (electron transfer followed by a chemical step), which is evident in the scan-rate dependent cyclic voltammograms (Figure 2 and Figure S6 ). At scan rates slow relative to the chemical step (observed with A and 1K in Figure 2 and 1Na in Figure S6 ), no corresponding reduction event is observed after oxidation (or electrochemical oxidation is irreversible due to the chemical step). Upon scanning to more negative potentials (Figure 2 ), a new reduction event appears that matches the Mn(III/II) couple from the independently prepared respective Mn(III) complexes. The redox event assigned to the Mn(III/II) couple is absent if Mn(V)N is not first oxidized before scanning cathodically ( Figure S7 ). At faster scan rates for A, 1K, and 1Na the cathodic peak current (ic) of the MnN(VI/V) couple increases relative to the anodic peak current (ia), (Table S1 and S2). At the highest scan rates for A, 1K, and 1Na ic/ia approaches 1 but does not achieve unity. Thus, the Mn(III/II) couple from the reaction product is still observed at the highest scan rates. For 1Ba, the ic/ia is about 1 at all scan rates, indicating the chemical step is slow and consistent with an absence of a Mn(III/II) peak corresponding to product (Table S1 ). The turnaround potential for 1Sr was taken slightly negative of 1Ba ( Figure S6 ), resulting in a shorter timeframe to evaluate the chemical step, but ic/ia quickly becomes about 1 at scan rates of 100 mV/s and higher.
The scan rate dependent cyclic voltammograms suggests the rate of the chemical step (N-N coupling) decreases from A, 1K/1Na, and 1Ba/1Sr. Slow electron transfer at high scan rates complicates determination of the reaction rate using Figure 3 . UV-vis spectra of 1K with addition of NO + in CH3CN solution. Titration spectra of A and 1Ba is shown in Figure S9 . 
Angewandte Chemie International Edition cyclic voltammetry. As a result, we turned to UV-vis spectroelectrochemistry to measure the temperature dependent rate constants for the chemical step. MnN(salen) (A) and 1M were oxidized in situ using a honeycomb electrode in a UV-visible spectroelectrochemical cell at a potential 200 mV positive of their respective oxidation potentials and the rate of Mn(III) formation was monitored ( Figure S13-S16) .
At a temperature of 20 °C, the rates of N-N coupling for 1Sr, 1Ba, 1Na, 1K, and A are 87, 99.7, 684, 857, and 2166 M -1 s -1 , respectively. We have been unable to measure an equilibrium constant for cation occupancy in 1M due to synthetic challenges in isolating analytically pure complexes without any cation present. However, addition of 5 and 10 equivalents of the salts Ba(OTf)2 and KOTf to 1Ba and 1K, respectively, did not lead to any appreciable differences in the rate of reaction. As a result, we do not believe equilibria involving partial occupancy of the crown moiety plays a major role in the reaction rate.
The same experiment was repeated at -20, -10, 0, and 10 °C with A, 1K, and 1Ba. An Eyring plot (see Table 1 and Figure  S17 ) was used to derive the enthalpy (ΔH ‡ ) and entropy of activation (ΔS ‡ ). All three species have negative entropies of activation, suggesting an associative mechanism in the rate-determining step. The enthalpies of activation increase from A to 1K to 1Ba, which corresponds with our measured reaction rates.
In prior studies with neutral MnN salen complexes, addition of electron-withdrawing ligand substituents leads to more oxidizing Mn(VI)N complexes which predictably leads to higher rates of coupling to form N2. We find that incorporation of cationic charges leads to the opposite trend. As the charge increases, the oxidation potential shifts positive but the rate of bimolecular coupling decreases by an order of magnitude per charge, leading to an inverse linear free energy relationship (Figure 4) .
The difference in the rate of bimolecular coupling between 1K and 1Ba is not likely due to steric effects. As previously mentioned, K + and Ba 2+ have similar ionic radii of 138 and 135 pm, [17] respectively, so the steric profile of 1K and 1Ba are similar. We note the vibrational stretching frequency of Mn≡N is consistent with a mild increase in bond strength for 1M versus A (Table 1) , which may contribute to the observed decrease in rate. The slightly higher vibrational frequencies observed in 1M may reflect a Stark effect from the electric field potential generated from the cation, which was observed in the prior Co analogues of this ligand. [11] However, the differences in bond force constant were calculated to be quite small (Table S3) . Therefore, we believe the major contribution to the rate differences is through electrostatic repulsion that increases with increasing charge.
The effect of charge on N2 coupling was previously explored in Ir nitride complexes, but the charge differences were due to oxidation of the complex so that cationic effects could not be isolated from changes in electronic structure. [1w] In this ligand framework, we can modify the charge without changing the oxidation state of the metal or primary coordination sphere. As a result, incorporation of a mono-or dication presents an effective route to overriding the electronic effects observed using inductive ligand modifications. The result is metal nitrides that are both more oxidizing and more stable to bimolecular quenching, properties that could not be accessed through the use of inductive ligand modifications. Kinetic isolation of more reactive high valent metal nitrides may now be channeled for more productive reactivity.
Steric interactions are commonly used to mitigate undesirable bimolecular reaction pathways but may also negatively affect substrate reactivity. In contrast, adjusting charge has the potential to inhibit bimolecular reactivity without affecting interactions with neutral substrates. [19a] For example, a series of monometallic iron salen complexes were known to catalyze the aerobic oxidation of allylic C-H bonds. Total catalyst turnover number was limited by formation of inactive Fe-O-Fe complexes. [18] In our prior study of Fe analogues of 1K and 1Ba, we found that increasing cationic charge led to progressively slower rates of bimolecular aerobic deactivation and higher overall turnover numbers. [12] Another potential application exists to improve many olefin metathesis catalysts, where bimolecular reactivity is a major decomposition pathway. [19] The incorporation of cationic charge presents an alternative strategy for constructing reactive complexes or catalysts that may otherwise deactivate through bimolecular coupling. We demonstrate herein that non-redox active cations can be utilized in transition metal complexes to both modulate the redox potential and reactivity. The resulting inverse scaling relationship for bimolecular coupling provides a strategy for directing reactivity in more desirable directions.
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